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Abstract
Within the framework of the kinetic energy driven d-wave superconductivity, the electronic structure of the electron
doped cuprate superconductors is studied. It is shown that although there is an electron-hole asymmetry in the phase
diagram, the electronic structure of the electron-doped cuprates in the superconducting-state is similar to that in
the hole-doped case. With increasing the electron doping, the spectral weight in the (pi, 0) point increases, while the
position of the superconducting quasiparticle peak is shifted towards the Fermi energy. In analogy to the hole-doped
case, the superconducting quasiparticles around the (pi, 0) point disperse very weakly with momentum.
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The electron-doped cuprate superconductors are
an important component in the puzzle of the high
temperature superconductivity. The undoped ma-
terial is a Mott insulator with the antiferromagnetic
(AF) long-range order (AFLRO), then supercon-
ductivity emerges when electrons are doped into
this Mott insulator [1]. It has been found that only
an approximate symmetry in the phase diagram
exists about the zero doping line between the hole-
doped and electron-doped cuprates [2], and the sig-
nificantly different behavior of the electron-doped
and hole-doped cuprates is observed [3], reflecting
the electron-hole asymmetry. In the electron-doped
cuprates, AFLRO survives until superconductiv-
ity appears over a narrow range of the electron
doping, around the optimal doping δ ∼ 0.15 [1,4],
where the commensurate magnetic scattering peak
is observed at low and intermediate energies, with
increasing energy this commensurate magnetic
scattering peak is split, and then the incommen-
surate magnetic scattering peaks appear at high
energy [5]. By virtue of systematic studies using
the the angle-resolved photoemission spectroscopy
(ARPES) technique, the electronic structure of the
electron-doped cuprates has been well established
[3,6,7,8,9]: (a) in the normal-state, the charge carri-
ers doped into the parent Mott insulators first enter
into the [π, 0] (in units of inverse lattice constant)
point in the Brillouin zone, this is different from the
hole-doped case, where the charge carriers are ac-
commodated at the [π/2, π/2] point; (b) however, in
the superconducting (SC)-state, the lowest energy
states are located at the [π, 0] point, in other words,
the majority contribution in the SC-state for the
electron spectrum comes from the [π, 0] point. This
is the same as in the hole-doped case; (c) the elec-
tron spectrum is characterized by a sharp SC quasi-
particle peak at the [π, 0] point; and (d) although
the momentum dependence of the SC gap function
is obviously deviates from the monotonic d-wave
gap function [10], it is basically consistent with the
d-wave symmetry [7,11] as in the hole-doped case.
Therefore, the investigating similarities and differ-
ences of the electronic structure between the hole-
doped and electron-doped cuprate superconductors
would be crucial to understanding physics of the
high temperature superconductivity [3,6,7,8,9].
In our earlier work [12] based on the kinetic
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energy driven SC mechanism [13], the electronic
structure of the hole-doped cuprates in the SC-
state has been discussed, and some main features of
the ARPES experiments on the hole-doped cuprate
superconductors are qualitatively reproduced, in-
cluding the doping dependence of the electron spec-
trum and quasiparticle dispersion around the [π, 0]
point [3,14]. In this Letter, we study the electronic
structure of the electron-doped cuprates in the SC-
state along with this line. We show explicitly that
although the electron-hole asymmetry is observed
in the phase diagram [3,6], the electronic structure
of the electron-doped cuprates in the SC-state is
similar to that in the hole-doped case. With in-
creasing the electron doping, the spectral weight in
the [π, 0] point increases, while the position of the
SC quasiparticle peak is shifted towards the Fermi
energy. In analogy to the hole-doped case, the SC
quasiparticles around the [π, 0] point disperse very
weakly with momentum.
From the ARPES experiments [6,15], it has been
shown that the essential physics of the electron-
doped cuprates is contained in the t-t′-J model on
a square lattice,
H = t
∑
iηˆσ
PC†iσCi+ηˆσP
† − t′
∑
iτˆσ
PC†iσCi+τˆ σP
†
− µ
∑
iσ
PC†iσCiσP
† + J
∑
iηˆ
Si · Si+ηˆ, (1)
with t < 0, t′ < 0, ηˆ = ±xˆ,±yˆ, τˆ = ±xˆ±yˆ,C†iσ (Ciσ)
is the electron creation (annihilation) operator,Si =
C†i ~σCi/2 is spin operator with ~σ = (σx, σy, σz) as
Pauli matrices, µ is the chemical potential, and the
projection operator P removes zero occupancy, i.e.,∑
σ C
†
iσCiσ ≥ 1. For the hole-doped case, a charge-
spin separation (CSS) fermion-spin theory has been
developed to incorporate the single occupancy con-
straint [16]. To apply this CSS fermion-spin theory
in the electron-doped cuprates, the t-t′-J model (1)
can be rewritten in terms of a particle-hole transfor-
mation Ciσ → f
†
i−σ as,
H =−t
∑
iηˆσ
f †iσfi+ηˆσ + t
′
∑
iτˆσ
f †iσfi+τˆσ
− µ
∑
iσ
f †iσfiσ + J
∑
iηˆ
Si · Si+ηˆ, (2)
supplemented by the local constraint
∑
σ f
†
iσfiσ ≤
1 to remove double occupancy, where f †iσ (fiσ) is
the hole creation (annihilation) operator, while Si =
f †i ~σfi/2 is the spin operator in the hole represen-
tation. Now we follow the CSS fermion-spin the-
ory [16], and decouple the hole operators as, fi↑ =
a†i↑S
−
i and fi↓ = a
†
i↓S
+
i , with the spinful fermion
operator aiσ = e
−iΦiσai describes the charge degree
of freedom together with some effects of the spin
configuration rearrangements due to the presence
of the doped electron itself (dressed charge carrier),
while the spin operator Si describes the spin de-
gree of freedom, then the single occupancy local con-
straint,
∑
σ f
†
iσfiσ = S
+
i ai↑a
†
i↑S
−
i + S
−
i ai↓a
†
i↓S
+
i =
aia
†
i (S
+
i S
−
i + S
−
i S
+
i ) = 1 − a
†
iai ≤ 1, is satisfied
in analytical calculations, and the double dressed
fermion occupancy, a†iσa
†
i−σ = e
iΦiσa†ia
†
ie
iΦi−σ = 0
and aiσai−σ = e
−iΦiσaiaie
−iΦi−σ = 0, are ruled out
automatically. It has been shown that these dressed
charge carrier and spin are gauge invariant [16], and
in this sense, they are real and can be interpreted as
the physical excitations [16,17]. Although in com-
mon sense aiσ is not a real spinful fermion, it be-
haves like a spinful fermion. In this CSS fermion-
spin representation, the low-energy behavior of the
t-t′-J model (2) can be expressed as,
H =−t
∑
iηˆ
(ai↑S
+
i a
†
i+ηˆ↑S
−
i+ηˆ + ai↓S
−
i a
†
i+ηˆ↓S
+
i+ηˆ)
+ t′
∑
iτˆ
(ai↑S
+
i a
†
i+τˆ↑S
−
i+τˆ + ai↓S
−
i a
†
i+τˆ↓S
+
i+τˆ )
− µ
∑
iσ
a†iσaiσ + Jeff
∑
iηˆ
Si · Si+ηˆ, (3)
with Jeff = (1 − δ)
2J , and δ = 〈a†iσaiσ〉 = 〈a
†
iai〉 is
the electron doping concentration. As in the hole-
doped case [13,16], the magnetic energy term in the
t-t′-J model is only to form an adequate spin config-
uration [18], while the kinetic energy term has been
transferred as the interaction between the dressed
charge carriers and spins. For the hole-doped case,
we [13] have shown that the interaction from the
kinetic energy term in the t-J type model is quite
strong, and can induce the dressed charge carrier
pairing state by exchanging spin excitations in the
higher power of the doping concentration, then the
electron Cooper pairs originating from the dressed
charge carrier pairing state are due to the charge-
spin recombination, and their condensation reveals
the SC ground-state. Moreover, this SC-state is
controlled by both SC gap function and quasiparti-
cle coherence, which leads to that the maximal SC
transition temperature occurs around the optimal
doping, and then decreases in both underdoped
2
and overdoped regimes. Based on this kinetic en-
ergy driven SC mechanism [13], we [19] have also
discussed superconductivity in the electron-doped
cuprates, and the result shows that the maximum
achievable SC transition temperature in the opti-
mal doping in the electron-doped cuprate supercon-
ductors is much lower than that of the hole-doped
case due to the electron-hole asymmetry. Following
their discussions [13,19], we can define the SC or-
der parameter for the electron Cooper pair in the
electron-doped cuprate superconductors as,
∆= 〈C†i↑C
†
i+ηˆ↓ − C
†
i↓C
†
i+ηˆ↑〉
= 〈ai↑ai+ηˆ↓S
†
i S
−
i+ηˆ − ai↓ai+ηˆ↑S
−
i S
+
i+ηˆ〉
=−χ1∆h, (4)
with the spin correlation function χ1 = 〈S
+
i S
−
i+ηˆ〉,
and the charge carrier pairing order parameter∆h =
〈ai+ηˆ↓ai↑ − ai+ηˆ↑ai↓〉, then the full dressed charge
carrier diagonal and off-diagonal Green’s functions
of the electron-doped cuprate superconductors sat-
isfy the self-consistent equations as [13,19],
g(k, ω) = g(0)(k, ω) + g(0)(k, ω)[Σ
(a)
1 (k, ω)g(k, ω)
−Σ
(a)
2 (−k,−ω)ℑ
†(k, ω)], (5)
ℑ†(k, ω) = g(0)(−k,−ω)[Σ
(a)
1 (−k,−ω)ℑ
†(−k,−ω)
+ Σ
(a)
2 (−k,−ω)g(k, ω)], (6)
respectively, with the mean-field (MF) dressed
charge carrier diagonal Green’s function [19]
g(0)(k, ω) = ω − ξk, where the MF dressed
charge carrier excitation spectrum ξk = Ztχ1γk −
Zt′χ2γ
′
k − µ, with γk = (1/Z)
∑
ηˆ e
ik·ηˆ, γk
′ =
(1/Z)
∑
τˆ e
ik·τˆ , the spin correlation function χ2 =
〈S+i S
−
i+τˆ 〉, Z is the number of the nearest neighbor
or second-nearest neighbor sites, while the dressed
charge carrier self-energy functions are given by
[13,19],
Σ
(a)
1 ( k , iωn) =
1
N2
∑
p,p′
(Ztγp+p′+k − Zt
′γp+p′+k)
2
×
1
β
∑
ipm
g(p+ k, ipm + iωn)Π(p
′,p, ipm), (7)
Σ
(a)
2 ( k , iωn) =
1
N2
∑
p,p′
(Ztγp+p′+k − Zt
′γp+p′+k)
2
×
1
β
∑
ipm
ℑ(p+ k, ipm + iωn)Π(p
′,p, ipm), (8)
with the spin pair bubble Π(p′,p, ipm) =
(1/β)
∑
ip′
m
D(0)(p′, ip′m)D
(0)(p′ + p, ip′m + ipm),
N is the number of sites, and the MF spin Green’s
function [19],
D(0)(p, ω) =
Bp
2ωp
(
1
ω − ωp
−
1
ω + ωp
)
, (9)
where Bp = 2λ1(A1γp − A2) − λ2(2χ
z
2γ
′
p − χ2),
λ1 = 2ZJeff , λ2 = 4Zφ2t
′, A1 = ǫχ
z
1 + χ1/2, A2 =
χz1 + ǫχ1/2, ǫ = 1 + 2tφ1/Jeff , the dressed charge
carrier’s particle-hole parameters φ1 = 〈a
†
iσai+ηˆσ〉
and φ2 = 〈a
†
iσai+τˆσ〉, the spin correlation functions
χz1 = 〈S
z
i S
z
i+ηˆ〉 and χ
z
2 = 〈S
z
i S
z
i+τˆ 〉, and the MF spin
excitation spectrum,
ω2p = λ
2
1[(A4 − αǫχ
z
1γp −
1
2Z
αǫχ1)(1− ǫγp)
+
1
2
ǫ(A3 −
1
2
αχz1 − αχ1γp)(ǫ − γp)]
+ λ22[α(χ
z
2γ
′
p −
3
2Z
χ2)γ
′
p +
1
2
(A5 −
1
2
αχz2)]
+ λ1λ2[αχ
z
1(1− ǫγp)γ
′
p +
1
2
α(χ1γ
′
p − C3)(ǫ − γp)
+ αγ′p(C
z
3 − ǫχ
z
2γp)−
1
2
αǫ(C3 − χ2γp)], (10)
with A3 = αC1 + (1 − α)/(2Z), A4 = αC
z
1 + (1 −
α)/(4Z),A5 = αC2+(1−α)/(2Z), and the spin cor-
relation functions C1 = (1/Z
2)
∑
ηˆ,ηˆ′
〈S+i+ηˆS
−
i+ηˆ′
〉,
Cz1 = (1/Z
2)
∑
ηˆ,ηˆ′〈S
z
i+ηˆS
z
i+ηˆ′
〉, C2 = (1/Z
2)∑
τˆ ,τˆ ′
〈S+i+τˆS
−
i+τˆ ′
〉, C3 = (1/Z)
∑
τˆ 〈S
+
i+ηˆS
−
i+τˆ 〉, and
Cz3 = (1/Z)
∑
τˆ 〈S
z
i+ηˆS
z
i+τˆ 〉. In order to satisfy the
sum rule of the correlation function 〈S+i S
−
i 〉 = 1/2
in the case without AFLRO, an important decou-
pling parameter α has been introduced in the MF
calculation [13,19], which can be regarded as the ver-
tex correction [20].
In the framework of the kinetic energy driven
superconductivity [13], the self-energy function
Σ
(a)
2 (k, ω) describes the effective dressed charge
carrier pair gap function, while the self-energy
function Σ
(a)
1 (k, ω) renormalizes the MF dressed
charge carrier spectrum, and therefore it describes
the quasiparticle coherence. As in the hole-doped
case [12], we only discuss the low-energy behav-
ior of the electron-doped cuprate superconductors,
therefore the effective dressed charge carrier pair
gap function and quasiparticle coherent weight can
be discussed in the static limit. In this case, we
follow the previous discussions for the hole-doped
case [12], and obtain explicitly the dressed charge
carrier diagonal and off-diagonal Green’s functions
of the electron-doped cuprate superconductors as,
3
g(k, ω) =Z
(a)
F
U2ak
ω − Eak
+ Z
(a)
F
V 2ak
ω + Eak
, (11)
ℑ+(k, ω) =−Z
(a)
F
∆¯aZ(k)
2Eak
(
1
ω − Eak
−
1
ω + Eak
)
, (12)
where the dressed charge carrier quasiparticle co-
herence factors U2ak = (1 + ξ¯k/Eak)/2 and V
2
ak =
(1 − ξ¯k/Eak)/2, the dressed charge carrier quasi-
particle coherent weight Z
(a)−1
F = 1 − Σ
(a)
1o (k, ω =
0) |k=[pi,0], the renormalized dressed charge car-
rier excitation spectrum ξ¯k = Z
(a)
F (ξk + Σ
(a)
1e ) with
Σ
(a)
1e = Σ
(a)
1e (k, ω = 0) |k=[pi,0], the renormalized
dressed charge carrier pair gap function ∆¯aZ(k) =
Z
(a)
F ∆¯a(k) with ∆¯a(k) = Σ
(a)
2 (k, ω = 0), and the
dressed charge carrier quasiparticle spectrumEak =√
ξ¯2k+ | ∆¯aZ(k) |
2, while Σ
(a)
1e (k, ω) and Σ
(a)
1o (k, ω)
are the corresponding symmetric and antisymmet-
ric parts of the self-energy function Σ
(a)
1 (k, ω).
As we have mentioned above, the electron-doped
cuprate superconductors are characterized by an
overall d-wave pairing symmetry [7,11]. Based on
the kinetic energy driven SC mechanism [13], we
[19] have shown within the t-t′-J model that the
electron Cooper pairs of the electron-doped cuprate
superconductors have a dominated d-wave symme-
try. In this case, we consider the d-wave case of
the electron-doped cuprate superconductors, i.e.,
∆¯a(k) = ∆¯aγ
(d)
k , with γ
(d)
k = (coskx − cosky)/2.
With the help of the above discussions, the dressed
charge carrier effective gap parameter and quasi-
particle coherent weight in Eqs. (7) and (8) satisfy
the following two equations,
1 =
1
N3
∑
k,q,p
(Ztγk+q − Zt
′γ′k+q)
2γ
(d)
k−q+pγ
(d)
k
×
Z
(a)2
F BqBp
Eakωqωp
(
F
(1)
1 (k,q,p)
(ωp − ωq)2 − E2ak
−
F
(2)
1 (k,q,p)
(ωp + ωq)2 − E2ak
)
, (13)
1
Z
(a)
F
= 1 +
1
N2
∑
q,p
(Ztγp+k0 − Zt
′γ′p+k0)
2Z
(a)
F
×
BqBp
4ωqωp
(
F
(1)
2 (q,p)
(ωp − ωq − Eap−q+k0)
2
+
F
(2)
2 (q,p)
(ωp − ωq + Eap−q+k0)
2
+
F
(3)
2 (q,p)
(ωp + ωq − Eap−q+k0)
2
+
F
(4)
2 (q,p)
(ωp + ωq + Eap−q+k0)
2
)
, (14)
respectively, where k0 = [π, 0], F
(1)
1 (k,q,p) =
(ωp − ωq)[nB(ωq) − nB(ωp)][1 − 2nF (Eak)] +
Eak[nB(ωp)nB(−ωq)+nB(ωq)nB(−ωp)],F
(2)
1 (k,q,p)
= (ωp + ωq)[nB(−ωp) − nB(ωq)][1 − 2nF (Eak)] +
Eak[nB(ωp)nB(ωq)+nB(−ωp)nB(−ωq)],F
(1)
2 (q,p) =
nF (Eap−q+k0)[nB(ωq)−nB(ωp)]−nB(ωp)nB(−ωq),
F
(2)
2 (q,p) = nF (Eap−q+k0)[nB(ωp) − nB(ωq)] −
nB(ωq)nB(−ωp),F
(3)
2 (q,p) = nF (Eap−q+k0)[nB(ωq)−
nB(−ωp)]+nB(ωp)nB(ωq),F
(4)
2 (q,p) = nF (Eap−q+k0)
× [nB(−ωq) − nB(ωp)] + nB(−ωp)nB(−ωq), and
nB(ω) and nF (ω) are the boson and fermion dis-
tributions, respectively. These two equations must
be solved simultaneously with other self-consistent
equations [13,19], then all order parameters, decou-
pling parameter α, and chemical potential µ are
determined by the self-consistent calculation.
For the understanding of the electronic state
properties of the electron-doped cuprates in the
SC-state, we need to calculate the electron diago-
nal and off-diagonal Green’s functions G(i − j, t −
t′) = 〈〈Ciσ(t);C
†
jσ(t
′)〉〉 and Γ†(i − j, t − t′) =
〈〈C†i↑(t);C
†
j↓(t
′)〉〉, which are the convolutions of the
spin Green’s function and dressed charge carrier
diagonal and off-diagonal Green’s functions in the
CSS fermion-spin theory, and reflect the charge-
spin recombination [18]. According to the MF spin
Green’s function (9) and dressed charge carrier
diagonal and off-diagonal Green’s functions (11)
and (12), we can obtain the electron diagonal and
off-diagonal Green’s functions as,
G(k, ω) =
1
N
∑
p
ZF
Bp
2ωp
{
coth[
βωp
2
]
×
(
U2ap+k
ω − Eap+k − ωp
+
U2ap+k
ω − Eap+k + ωp
+
V 2ap+k
ω + Eap+k − ωp
+
V 2ap+k
ω + Eap+k + ωp
)
+ tanh[
βEap+k
2
]
(
U2ap+k
ω − Eap+k − ωp
−
U2ap+k
ω − Eap+k + ωp
+
V 2ap+k
ω + Eap+k + ωp
4
−
V 2ap+k
ω + Eap+k − ωp
)}
, (15)
Γ†(k, ω) =
1
N
∑
p
ZF
∆¯aZ(p+ k)
2Eap+k
Bp
2ωp
{
coth[
βωp
2
]
×
(
1
ω − Eap+k − ωp
+
1
ω − Eap+k + ωp
−
1
ω + Eap+k + ωp
−
1
ω + Eap+k − ωp
)
+ tanh[
βEap+k
2
)
(
1
ω − Eap+k − ωp
−
1
ω − Eap+k + ωp
−
1
ω + Eap+k + ωp
+
1
ω + Eap+k − ωp
)}
, (16)
respectively, with the electron quasiparticle coher-
ent weight ZF = Z
(a)
F /2, then the electron spectral
function A(k, ω) = −2ImG(k, ω) and SC gap func-
tion ∆(k) = −(1/β)
∑
iωn
Γ†(k, iωn) are obtained
as,
A(k, ω) = 2π
1
N
∑
p
ZF
Bp
2ωp
{coth[
βωp
2
]
× [U2ap+kδ(ω − Eap+k − ωp)
+ U2ap+kδ(ω − Eap+k + ωp)
+ V 2ap+kδ(ω + Eap+k − ωp)
+ V 2ap+kδ(ω + Eap+k + ωp)]
+ tanh[
βEap+k
2
][U2ap+kδ(ω − Eap+k − ωp)
− U2ap+kδ(ω − Eap+k + ωp)
+ V 2ap+kδ(ω + Eap+k + ωp)
− V 2ap+kδ(ω + Eap+k − ωp)]}, (17)
∆(k) =−
1
N
∑
p
ZF
∆¯Za(p− k)
Eap−k
tanh[
βEap−k
2
]
×
Bp
2ωp
coth[
βωp
2
], (18)
respectively. From Eq. (18), the SC gap parameter
in Eq. (4) can be evaluated as ∆ = −χ1∆a. As in
the hole-doped case [13], both dressed charge car-
rier (then electron) pairing gap parameter and pair-
ing interaction in the electron-dopede cuprate su-
perconductors are doping dependent. In this case,
the experimental observed doping dependence of the
SC gap parameter should be an effective SC gap pa-
rameter ∆¯ = −χ1∆¯a. For a complement of the pre-
vious analysis of superconductivity in the electron-
doped cuprate superconductors [19], we plot (a) the
effective SC gap parameter ∆¯ at temperature T =
0.002J and (b) the SC transition temperature Tc as
a function of the doping concentration for parame-
ters t/J = −2.5 and t′/t = 0.3 in Fig. 1. For com-
parison, the corresponding experimental results of
the SC gap parameter [21] and SC transition tem-
perature [4] of the electron-doped cuprate supercon-
ductors as a function of the doping concentration
are also shown in Fig. 1(a) and 1(b), respectively.
Our present results indicate that in analogy to the
phase diagram of the hole-doped case, superconduc-
tivity appears over a narrow range of doping in the
electron-doped cuprate superconductors. As shown
in the self-consistent equations in Eqs. (13) and (14),
the SC-state of the electron-doped cuprate super-
conductors is controlled by both SC gap function
and quasiparticle coherence [13,19], which leads to
that the SC transition temperature increases with
increasing doping in the underdoped regime, and
reaches a maximum in the optimal doping, then de-
creases sharply with increasing doping in the over-
doped regime. However, the maximum achievable
SC transition temperature in the optimal doping in
the electron-doped cuprate superconductors is much
lower than that of the hole-doped case due to the
electron-hole asymmetry. Although we focus on the
quasiparticle coherent weight at the antinodal point
in the above discussions, our present results of the
doping dependence of the effective SC gap param-
eter and SC transition temperature are consistent
with these of the previous results [19], where it has
been focused on the quasiparticle coherent weight
near the nodal point.
Now we turn to discuss the electron structure
of the electron-doped cuprate superconductors.
We have performed a calculation for the electron
spectral function (17), and the results of A(k, ω)
in the [π, 0] point with the doping concentration
δ = 0.11 (solid line), δ = 0.13 (dashed line), and
δ = 0.15 (dotted line) at T = 0.002J for t/J = −2.5
and t′/t = 0.3 are plotted in Fig. 2 in compar-
ison with the corresponding experimental result
[8] of the electron-doped cuprate superconductor
Nd1.85Ce0.15CuO4 (inset). From Fig. 2, we there-
fore find that there is a sharp SC quasiparticle peak
near the electron Fermi energy in the [π, 0] point.
In particular, this electron spectrum is doping de-
pendent. In analogy to the hole-doped case [12], the
spectral weight of the SC quasiparticle peak in the
electron-doped cuprate superconductors increases
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Fig. 1. (a) The effective SC gap parameter ∆¯ at T = 0.002J
and (b) the SC transition temperature Tc as a function of the
doping concentration for t/J = −2.5 and t′/t = 0.3. Inset:
the corresponding experimental results of the electron doped
cuprate superconductors taken from Refs. [21] and [4].
with increasing the doping concentration, while the
position of the SC quasiparticle peak is shifted to-
wards the Fermi energy. Furthermore, we have dis-
cussed the temperature dependence of the electron
spectrum, and the results show that the spectral
weight of the SC quasiparticle peak decreases as
temperature is increased. Our these results are in
qualitative agreement with the experimental data
[3,7,8,9].
For the further understanding physical properties
of the SC quasiparticles near the [π, 0] point, we
havemade a series of calculations forA(k, ω) around
the [π, 0] point, and the results show that as in the
hole-doped case, the sharp SC quasiparticle peak
in the electron-doped cuprate superconductors per-
sists in a very large momentum space region around
the [π, 0] point. To show this point clearly, we plot
the positions of the lowest energy SC quasiparticle
peaks in A(k, ω) as a function of momentum along
the direction [0, 0] → [π, 0] → [2π, 0] at δ = 0.15
with T = 0.002J for t/J = −2.5 and t′/J = 0.3 in
Fig. 3 (solid line). For comparison, the correspond-
ing result [12] of the lowest energy SC quasiparticle
peaks in the electron spectral function of the hole-
doped cuprate superconductors at δ = 0.15 with
T = 0.002J for t/J = 2.5 and t′/t = 0.3 is also plot-
ted in Fig. 3 (dashed line). From Fig. 3, it is shown
Fig. 2. The electron spectral function A(k, ω) in the [pi, 0]
point with δ = 0.11 (solid line), δ = 0.13 (dashed line), and
δ = 0.15 (dotted line) at T = 0.002J for t/J = −2.5 and
t′/t = 0.3. Inset: the corresponding experimental result of the
electron-doped cuprate superconductor Nd1.85Ce0.15CuO4
taken from Ref. [8].
Fig. 3. The positions of the lowest energy SC quasiparticle
peaks in A(k, ω) as a function of momentum along the direc-
tion [0, 0]→ [pi, 0]→ [2pi, 0] with δ = 0.15 at T = 0.002J for
t/J = −2.5 and t′/t = 0.3. The dashed line is correspond-
ing result [12] of the electron dispersion of the hole-doped
cuprate superconductors at δ = 0.15 with T = 0.002J for
parameters t/J = 2.5 and t′/t = 0.3.
that the sharp SC quasiparticle peaks around the
[π, 0] point at low energies disperse very weakly with
momentum, which also is corresponding to the un-
usual flat band appeared in the normal-state around
the [π, 0] point [22,23]. In comparison with the hole
doped case [12], our results also show explicitly that
although the electron-hole asymmetry is observed in
the phase diagram [3,6], the electronic structure of
the electron-doped cuprates in the SC state is simi-
6
lar to that in the hole-doped case.
Within the framework of the kinetic energy driven
d-wave superconductivity, the essential physics
of the electronic structure in the electron-doped
cuprate superconductors is the same as that in the
hole-doped case [12]. The SC-state of the electron-
doped cuprate superconductors is the conventional
Bardeen-Cooper-Schrieffer (BCS) like [24], and the
SC quasiparticle has the Bogoliubov-quasiparticle
nature. This can be understood from the elec-
tron diagonal and off-diagonal Green’s functions
in Eqs. (15) and (16). As in the hole-doped case
[12], the spins center around the [π, π] point in
the MF level [19], therefore the main contributions
for the spins comes from the [π, π] point, where
ωp=[pi,pi] ∼ 0. In this case, the electron diagonal
and off-diagonal Green’s functions in Eqs. (15)
and (16) can be approximately reduced in terms of
the self-consistent equation [19] 1/2 = 〈S+i S
−
i 〉 =
(1/N)
∑
pBpcoth(βωp/2)/(2ωp) as,
G(k, ω)≈ZF
U2k
ω − Ek
+ ZF
V 2k
ω + Ek
, (19)
Γ†(k, ω)≈ZF
∆¯aZ(k)
2Ek
(
1
ω − Ek
−
1
ω + Ek
)
, (20)
where the electron quasiparticle coherence factors
U2k ≈ V
2
ak+kA
and V 2k ≈ U
2
ak+kA
, the electron quasi-
particle spectrum Ek ≈ Eak+kA , and kA = [π, π],
which show that the dressed charge carrier quasi-
particle coherence factors Vak and Uak and quasi-
particle spectrum Eak have been transferred into
the electron quasiparticle coherence factors Uk and
Vk and quasiparticle spectrum Ek, respectively, by
the convolutions of the spin Green’s function and
dressed charge carrier diagonal and off-diagonal
Green’s functions due to the charge-spin recombi-
nation. This also reflects that in the kinetic energy
driven SC mechanism, the dressed charge carrier
pairs condense with the d-wave symmetry, then the
electron Cooper pairs originating from the dressed
charge carrier pairing state are due to the charge-
spin recombination, and their condensation auto-
matically gives the electron quasiparticle character.
This is why the basic BCS formalism [24] is still
valid in discussions of the doping dependence of the
effective SC gap parameter and SC transition tem-
perature, and the SC coherence of the quasiparticle
peak in the electron-doped cuprate superconduc-
tors, although the pairing mechanism is driven by
the kinetic energy by exchanging spin excitations,
and other exotic magnetic scattering [5] is beyond
the BCS theory. On the other hand, although there
is a similar strength of the magnetic interaction J
for both hole-doped and electron-doped cuprates,
the interplay of t′ with t and J causes a further
weakening of the AF spin correlation for the hole
doping, and enhancing the AF spin correlation for
the electron doping [25], which shows that the AF
spin correlations in the electron doping is stronger
than these in the hole-doped side. This may lead to
the charge carrier’s localization over a broader range
of doping for the electron doping. As a consequence,
the asymmetry of the electron spectrum in the hole-
doped and electron-doped cuprates emerges. This
is also why superconductivity appears over a nar-
row range of doping in the electron-doped cuprates.
In the normal-state, we [23] have shown within the
CSS fermion-spin theory that the lowest energy
states are located at the [π, 0] point for the electron
doping, this means that at low doping, the Fermi
surface is an electron-pocket centered at the [π, 0]
point, and then further electron doping may lead to
the creation of a new holelike Fermi surface centered
at the [π, π] point, in qualitative agreement with the
experimental data [9]. As we have mentioned above,
the most contributions of the electronic states in
the SC-state for the electron doping come from
[π, 0] point [3,6,7,8,9], and then superconductivity
is characterized by an overall d-wave pairing sym-
metry ∆¯(k) = ∆¯(coskx − cosky)/2 [7,11]. In this
case, the d-wave SC gap, and therefore the electron
pairing energy scale, is maximized at [π, 0] point.
In summary, we have discussed the electronic
structure of the electron-doped cuprate supercon-
ductors based on the kinetic energy driven d-wave
SC superconductivity. Our results show explicitly
that although the electron-hole asymmetry is ob-
served in the phase diagram, the electronic struc-
ture of the electron-doped cuprates in the SC state
is similar to that in the hole-doped case. With in-
creasing the electron doping, the spectral weight in
the [π, 0] point increases, while the position of the
sharp SC quasiparticle peak is shifted towards the
Fermi energy. In analogy to the hole-doped case, the
SC quasiparticles around the [π, 0] point disperse
very weakly with momentum.
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